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Abstract 
 
 
Vertical farming is making inroads in the agriculture sector which has been dependent on 
traditional method of producing crops, vegetables and fruits on land with fertile soil. 
Population growth, urbanization, demand for “local” food have resulted in growth of vertical 
farming in geographies such as Europe and the United States. Market for vertical farming 
is at niche stage in India but growing. 

This AGR whitepaper is an effort to outline the emergence of vertical farming as an 

alternative to traditional farming. Through this whitepaper, we aim to explore in the current 

state of development of vertical farming, identify the headwinds and tailwinds for vertical 

farming, types of vertical farming, cost of setting up vertical farms, growth of market for 

vertical farming, the importance of various components specifically automation for vertical 

farming and the vitality of vertical farming in supply chain disturbance such as the 2020 

covid-19 pandemic situation 
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What is vertical farming? 

Vertical farming is the modern way of producing plant and fruits on racks which are staked one 

above another. Vertical farming is done without the use of soil, in controlled environment 

(controlled light, temperature, humidity, etc.) inside a warehouse, a shipping container, a factory or 

a skyscraper, on the outskirts of or within city and with minimal water. 

Why Vertical Farming? 

Food Supply to the Increasing Population 

The global population is projected to reach ~10 billion1, by 2050, and food demand is expected to be 

60% higher than it is today, resulting in shortage of food supplies. Availability of land for agriculture 

will shrink due to various factors such as climate change, urbanization, and soil degradation.  

Vertical farming will provide an additional solution for addressing the emerging demand supply gap. 
Vertical farming yield is much higher than traditional farming, for example, vertical farming produces 
200 tons/ acre of tomatoes compared to 18 tons/ acre in traditional farming 
 
"Today, the world can only grow enough fresh fruits and vegetables to feed two-thirds of the global 
population what is required for a healthy diet. That's with 7.5 billion people on Earth. Already, there 
is not enough, and the global population is expected to reach almost 10 billion in 2050” - Christina Ra, 
senior director of integrated marketing at Plenty2  
 
Food Producing Centres near Urban Clusters 

World’s urban population is expected to increase from 55% to 68%, adding 2.5 billion people to urban 

areas by 20503. Majority of this shift is expected to take place in Asia and Africa 

Vertical farming techniques can be deployed inside a container, a warehouse, or a factory, thus making 

it possible to grow food items close to or within urban clusters. Vertical farming will also reduce 

logistics cost and time to reach the market.  

"Especially for people in urban areas, I think that it’s really appealing to know that fresh produce is 

now being grown nearby and available at local stores at the peak of freshness” - Chris Manca - Local 

Purchasing Director - Whole Foods Market 

Less Usage of Water and scarcity 

Agriculture  accounts for 70% of the world’s water consumption. Water scarcity has become a major 

crisis for humans. Due to global warming, the current state of water distribution, poor wastewater 

management, and pollution, it is projected that 50% of the world population will be impacted by water 

shortage by 20304. 

One of the vertical farming techniques - hydroponics uses ~70% less water than normal agriculture 

while the aeroponics technique uses ~95%5 water less than traditional agriculture techniques 

Limiting impact of Climate/ weather changes 

Crops in an agriculture field can be badly affected by natural calamities such as torrential rains, 

cyclones, flooding or severe droughts—events which are becoming increasingly common as a result 

of global warming.  
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Vertical farms are less likely to get impacted by unfavourable climatic conditions, ensuring better and 

consistent harvest around the year 

Limited Yield 

Vertical farming technology can ensure efficient crop production year-round even in non-tropical 

regions when compared to typical land farming. A single acre of a vertical farm can produce yield 

corresponding to more than 30 acres6 of traditional agriculture farm in a single season. 

Year-round crop production is possible in a controlled indoor environment. There are many Standard 
Operating Protocols (SOP’s) and guidelines developed for controlling the farming operations. 
 

Environment friendly 

Crops are produced in a well-controlled indoor environment without the use of chemicals. Vertical 

farming allows us to grow pesticide-free and organic crops. 

Evolution of Vertical Farming7 
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Life Magazine published the initial 

drawing of a “modern” vertical farm, 

showing an open-air layer of vertically 

fixed homes, set in a farming landscape. 

William F. Gericke published the 

process of growing plants in sand, 

gravel, or liquid, using added nutrients 

but no soil. 

In World War II, more than 8,000 tons of 

fresh vegetables were produced 

hydroponically (for the first time) on South 

Pacific Islands to feed the Allied forces. 

saw hydroponic growing systems used on a 

Kenneth Yeang created a concept called 

“vegetated architecture” which was 

focused on personal or community use 

The Japanese company Nuvege 

developed a proprietary light network 

that would accelerate the plant growth 

by balancing light emissions 

American geologist Gilbert Ellis Bailey 

coined the term “Vertical Farming” 

focusing on farming “down” rather 

than “up”. i.e. a type of underground 

farming 

The term “hydroponics” is formed by 

the combination of Greek words 

“hydro,” or water, and “ponos,” or 

labor. 

At the Vienna International 

Horticulture Exhibition, a vertical 

farm was displayed in the form of a 

tall glass tower 

Columbia University professor Dr. 

Despommier and his students worked 

on idea of crop layers that could be 

grown on each floor in a multi-story 

building 

The first modern vertical farm consisting 

of more than 100 towers, each of which 

is 9 meters tall is designed by Sky Green 

Farms’ Singapore  
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Types of Vertical Farming 

The three main types of vertical farming techniques are 

• Hydroponics – Growing plants without soil 

• Aeroponics – Growing plants with no soil and very little water 

• Aquaponics – An ecosystem that promotes plants and fish farming together 

The other types which are different versions of the three main types includes Lokal, Plantscapers, 

VertiCrop, Modular Farms, Cubic Farming Systems, ZipGrow  

Hydroponics8 

▪ Hydroponics is a major system used in vertical farming. Hydroponics comprises growing plants 

in nutrient solutions, without soil. The root system is maintained using a passive medium such 

as perlite, rockwool, clay pellets, peat moss, or vermiculite 

▪ The plant roots are submerged in water based rich nutrient solution.  The solution is always 

monitored to check that chemical composition is maintained. 

 

Aeroponics 

▪ The National Aeronautical and Space Administration (NASA) of USA developed this technique 

to grow plants in space. The plant roots are sprayed with nutrient rich mist. In this technique 

also there is no soil used. 
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Aquaponics: 

▪ An aquaponic system combines growth of plants and fish in the same ecosystem.  

▪ In this system, fish are grown in water tanks, creating nutrient-rich waste that is used as  

fodder for the plants in the vertical farm. 

▪ The plants filter and purify the wastewater, which is circulated back to the fishponds. 
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Vertical Farming: Patents 

Before 2007, there were hardly any patent fillings for vertical faming solutions. The last decade has 

seen an increasing number of patents.  

China leads the international patent applications in all technology areas though major investments in 

vertical farming have been attracted by firms in the United States and Europe 

 

                  

 

Vertical Farming – Value Chain 
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Component Suppliers 
for Vertical Farms 

• LED Lighting 

• Automation and 
control Systems 

• HVAC systems 

• Grow racks 

• Fertigation, Plumbing 
providers 

• Consumables 

Integrated Vertical 
Farming Systems 
Suppliers 

• Large Vertical Farms 

• Turnkey Vertical 
Farming System  

Consumers  

• Retailers – 
Supermarkets, 
Hypermarkets Local 
retailers 

• HORECA 



P a g e  | 9 

Components of a Vertical Farm10 

Vertical Farms can be designed in various ways in terms of structure and technology. Some farms make 

use of artificial lighting only for plant growth, while others utilize some sunlight for the growth of 

plants.  

A commercial vertical farm is set up in an artificial, warehouse-like structure in which artificial light is 

the single source for plant growth. Such structures are thermally insulated, and ventilation is kept at 

bare minimum and are not impacted by outside weather conditions as the parameters for plant 

growth are well controlled.  

Structures and growing systems 

Structures for vertical farms can include warehouses, large shipping containers, redesigned factories, 

etc. 

Growing systems include a series of vertically aligned layers of grower racks, with channels 

encompassing nutrient-rich water in which plant roots grow. Each layer has its own artificial 

lighting. Growers set up their own systems – using PVC pipes to professionally engineered racking 

systems considering the space availability and type of plant. There are many firms which provide 

turnkey solutions to suit the grower’s requirements. 

Environmental control units 

Environmental Control Units (ECU) monitor factors such temperature, pH, nutrient and humidity 

levels. Usage of cloud-based technology allows users to remotely access and control the farms. 

Many growers are using big data analysis to identify patterns and trends to control the growth of 

plant, yield quantity, time to market, etc. 

Nutrient supply & control 

In vertical farming, plant’s nutrient needs are provided through the root and differ as per plant 

type and life stage. Plant nutrient mixes are commercially available and can also be customized by 

the growers 

Nutrient solutions are composed of many essential elements such as nitrogen, phosphorus, 

potassium, calcium, magnesium, sulphur which are macro nutrient. These are supplied to plants 

in ionic forms 

Air conditioning 

Airconditioning is vital for creating optimal temperature and humidity for plant growth. There are 

many commercial options. Most plants require 240 Celsius to 350 Celsius for growth. 

CO2 supply unit: 

Carbon dioxide, or CO2, provides necessary elements to plants. CO2 can be supplemented to the 

plants in two different ways - by injecting pure CO2 from canisters or by using a generator run on 

natural gas or propane 
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Lighting 

Artificial lighting is very important for vertical farming as it is the only source of illumination for 

the plants in closed systems. LED lights are extensively used in vertical farms 

Types of Crops apt for Vertical Farming 

Plants/ crops that require low light intensity, have a short cycle, and flourish at a high planting 

density are best suited for vertical farming 

• Leafy Greens: Lettuces, Kale, Arugula, Rainbow Chard, Spinach 

• Microgreens: Basil, Beets, Radish, Mustard, Arugula  

• Transplants: Tomato, Cucumber, Eggplant, Seedlings of Spinach and Lettuce 

• Culinary Herbs: Chives, Mint 

• Medicinal plants: Stevia 

Cost of Running a Vertical Farm 

CAPEX is significantly higher in setting up vertical farms. About a decade ago, the first-generation 

vertical farms were set wherein the basic functions of the farms were carried out with minimal 

human intervention. 

The key components of product cost include 

• Electricity - lighting and HVAC (Heating, ventilation and air-conditioning). 

• Labour  

• Depreciation 

• Others – consumables, seeds, repair, land rental, miscellaneous 

 

In the second-generation farms, which have been set up recently, key operating functions 

such as the plant growing process, farm management process, harvesting and post harvesting 

process (sorting, grading packaging) are carried out by using automation 

There are few companies claiming to have reduced labour by up to 80%12 and power by up to 

50%12, thereby, improving the efficiency of their vertical farms’ operations by incorporating  

28%

26%

23%

12%

11%

Cost of Running a Vertical Farm11

Electricity Labor Depreciation Packaging and Transportation Others
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Concerns regarding vertical farming 

High Investment Cost 

Building leasing/ buying space in urban locations for vertical farms can be quite expensive. 

Companies are using warehouses, neglected areas, or containers, for setting up economically 

viable vertical farms 

Energy Intensive  

Artificial lighting and indoor environment controls (HVAC, etc.) in a vertical farm can 

significantly increase operations costs. 

Controversy over Organic Certification 

There are arguments whether crops grown in a vertical farm can be certified organic. Many 

specialists are of the opinion that by just not using pesticides and herbicides, output from 

vertical farming cannot be certified as organic. Currently, a soil based natural ecosystem for 

crop production, is the key requirement for organic certification 

Limited Number of Crop Species 

Vertical farming does not focus on slower-growing vegetables and grains, as the production 

of such crops adversely affects the farm profitability 

Vertical Farming Market Size and Investments 

The global vertical farming market was valued at USD 2.8 Bn13 in 2018 and is projected to 

grow at a CAGR of 9.5% till 2022. 

The United States and EU are the markets showing substantial interest in vertical farming as 

most of the big-ticket investments are attracted by firms in these regions. 

In Singapore which imports more than 90% of its food, urban farming including vertical and 

rooftop farms, is getting popular. 

 

90

320 327

470

2016 2017 2018 2019

Investment in Vertical Farming ( USD Mn) 14
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Key Investment Deals in Recent Years15 

 

Vertical Farming Company Country Investment (USD Mn) 

Plenty United States 200.0 

Bowery United States 140.0 

Aerofarms Unites States  100.0 

Infarm Germany 100.0 

80 Acres Farm United States 40.0 

Pure Harvest UAE 20.6 

Square Roots Unites States 19.0 

Cubic Farm Systems Canada 11.5 

Intelligent Growth Solutions United Kingdom 6.7 

Farmshelf United States 5.7 

 

In India there are vertical farming start-ups such as UGF Farming, Homecrop, Pindfresh, 

Growing Greens which have started operations in recent years. Currently, the market for 

vertical farming is at niche stage. However, considering the interest shown by tech savvy 

entrepreneurs, it is expected to grow exponentially in next few years. 

Covid-19 and vertical farms 

Countries such as Germany, Singapore, UK, countries in the Middle East etc. depend on 

imports for the food requirements, specifically for vegetables and fruits. 

Country Percentage of vegetables and 
fruits imported 

Annual Import- volume (Mn Tons) 

United Kingdom16 80% 2.4 

Germany16 8% 3.0 

UAE17 40% 2.0 

KSA17 30% 1.5 

 

Given the spread of covid -19 in 2020, there is widespread disturbance in the production, 

distribution and retail segments of the vegetable and fruits supply chain across countries.  

The coronavirus pandemic lockdowns have highlighted, if unexpectedly, the critical 

importance of partial local food production in or around world cities. 

Urban city planning should include vertical farms, in and/or around it. Vertical farms are not 

only for promoting food security for the urban cities — but also for preparing cities and its 

residents against unforeseen disasters. 
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Outlook 

Vertical farming is here to stay, adding another way of feeding the ever-increasing population 

and making cities resilient to face any food related challenges 

Vertical farming has evolved as a viable solution, capitalizing on the adverse effects of climate 

change, decreasing fertile land/ soil on traditional agriculture. The ability of vertical farms to 

provide pesticide free, good and consistent quality of food, independent of the 

weather/climate changes has helped its growth. Vertical farming has done well to address the 

need of urban population looking for “local” fresh and high shelf life vegetable and fruits.  

Covid 19, the pandemic is a reminder that interruptions to food supplies can happen at any 

time. Vertical farms can, potentially, absorb such supply chain disruptions. 

Vertical farming business still needs to establish a clear path to viability and scalability. 

Companies operating vertical farms are investing in technology to bring down the operations 

cost. Robots and automation will become more integral part of the vertical farming market 

soon. With increasing sources of investment coming in, vertical farming can clearly be a game 

changer in the next decade for the world. 
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